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SUMMARY
Ia—'OBJECTIVE

The objectlve of thlS studv is to detect and- analyze behav1oral

responses to road traffice noise and to assess its impact more ob-

jectively than eariler studies were able to do, partlcularly in terms
of the annoyance people felt.

The ex1stence of noise effects and’ behav1oral responses deemed
undesirable for the well-being of people living in residential com-
plexes should allow us to establish noise thresholds beyond which

_actlon by Publlc Authorltles becomes 1nd1spensable.

II - PROCEDURE
h Wlth thls study, two dlfferent klnds of surveys were conducted
~One. was a questlonnalre given to nearly l 500 people 11v1ng in
residential apartment complexes,
~the other was in the form of thorough dlscu8510ns and observa-
tions of some 40 people llVlng 1n smngle famlly homes.

Yet, both,made it poss1ble to evaluate the 1mpact of noise in

" the follow1ng areas:

~use of" home and outsrde spaces: (balcony —garden),

" ~health and sleeping conditions;

—equlpment and investments in the home;
—tlme spent out51de the home and escapes from the home.

‘ The noise levels were evaluated for each room in. the home (1 e.

~about 7,000 noise levels) and for three perlods in the day: Leq 8 =
20 h -Leq 20 h - 24 h. Leq Oh-5h. -~ =

"'ThlS evaluation is based on the BRUIT (NOISE) program and on
long- and short—term measurements.

RER 5 RESULTS

1 —"N01se Annoyance

The results obtalned glve us a 51gn1f1cantly hlgher correlatlon*

‘between the individual annoyance ratings, i.e. r = 0. 64 for daytime

annoyance and r = 0.48 for nlghttlme annoyance than in earkier stu-
dles. o

: The’factors which seem to affect the annoyance felt correspond
to those revealed in earlier studies, namely: type of trafficr type =
of home, profe551onal actlvlty (actlve -.nonactlve), age in high
noise levels. L

The noise threshold beyond which annovance seems to clearly in-
crease is between 60 and 62 dB(A) in daytlme Leq (8h = 20h) and be-
tween 50 and 52 dB(A) 1n nlghttlme Leq (Oh - 5h)

Beyond theselevels,and especmallv when the daytlme Leq exceeds
65 dB(A), the annoyance felt is very hlgh \

v



2 - Behavioral Patterns Caused By Noise

~In regard to the use of the home, the two main responses ob- -
- served were closing windows to allow noise-sensitive activities to
be practiced (TV - reading - sleep) which becomes very accentuated
“beyond 60 - 62 dB(A) and moving activities to less exposed rooms
(beyond 68 dB(A)) and into quieter areas of the garden. : S

_ "The'impact of noise on sleep seems to be much greater in ‘terms
of being awoken at night only if we retain as an indicator the time

it takes for subjects to fall asleep, which is itself highly linked"
to age. v Sl R ‘

'HOWever;'thesebdisturbances on sleeping conditions tend te -
increase the number of sleeping pills taken beyond 50 - 52 dB(A) at
night (i.e.-about-GO - 62 dB(A) in the day).

Although at a fairly modest level, the ébnsumption of heart
- medication is reinforced by noise, but at high levels (Leq > 70 dB(A)
~during the day). : - - ~

/7

Noise also iéd'at high levels (Leq 66 - 68 dB(A) to a very clear

~increase in the percentage of homes which were insulated, especially
among owners. '

. No significant impact was found concerning moving and mainten-
~ance of the exposed home or in terms of receiving equipment (TV,
radio-electrophone, etc.). o ' o

If noise does not push families into increasing their excur-
'sions away from home (indication of escape-related behavior), it is

- a factor in making people plan to move away for tenants in particu-

~lar as of 66 - 68 AB(A).

~ high number of factors, particularly the income level, size of .
home_and‘its exposure to noise , the occupancy status in the home,
the amount of rent, etc. s RN ' R

The scope of these béhaviofal patterns also depends on a fairly

- Some of these behavioral:patterns are a fairly'objective,expres_
sion of the ‘annoyance felt (closing windows), others tend to minimize

it (sound insulation). Depending on the case, they may be highly

related (planning to move ,:frequent week—ends.excursions) or alterna-.

tives ; (soundproofing, moving). f_
IV - PROPOSALS

Even if the analysis of behavioral patterns caused by traffic.

_noise deserves to be the subject of future research, theuinvestiga— 

‘tive field is SO complex - and .delicate to grasp, particularly in
single-family homes, it allowed us .to establish the impact of traf-
fic noise on lifestyles: ‘ : : S . ’
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—Below 55 dB(A): in daytime Leq, we may consider that the
damage caused by noise is very small, if not :nonexistent and that
the sound conditions allow a normal practlce of those acthltles

'whlch are the most sens1t1ve to n01se.

—Between 55 and 60 dB(A) The 1mpact of noise is Stlll at a

modest level, but certain disturbances occur, probably to the most:

sen81t1ve people.

—Between 60 and 65 dB(A) behav1or responses occur, but are
still not limiting.  However, the effects on sleep at about 55 dB(A)

“at night and especially the annoyance level increase considerably.

It would be desirable to take steps to reduce the noise, but the
"cost—advantage".ratlo may be fairly nuanced, at least for corrective

‘actions (screens, insulation).

—Above 65 dB(A) .constrained behav1oral responses occur whlch
reveal heavy: damage caused by noise. Public authorities must take
action. This is particularly indispensable because in most cases
the economic balance has every chance of belng pos1t1ve for apart-
ment dwellers. L L

Although these Droposals ‘are more strlngent than current French
recommendatlons (65 ¥ 5 dB(A)), they agree perfectly with those of
the Swiss Federal Commission for Environmental Protection, especially
for daytime noise levels, as well as those of the Env1ronmental Pro-

’tec1on Agency in the Unlted States.

vii




oo - PATTERNS OF BEHAVIOR IN LODGINGS EXPOSED TO
TRAFFIC NOISE

J. Lambert, Frangois Simmonet

ABSTRACT ' /1%

The government service approach consistg of defining threshold
values to be respected so that the situation of people living along
noisy streets and roads should be bearable.

It is therefore necessary to assess the effects of noise on
people.

If up to now these effects of noise were in general assessed
in terms of the discomfort it caused, it would now be appropriate to
project them to an objective level by examining in a precise manner
the behavioral patterns associated with this discomfort so that it
can be minimized. This is achieved by making observations of daily
life in the home: use of lodgings - effects of noise on health and
sleep - equipment installed and home insulation - seeking escape
from the home.

\ The results showed that above 65 dB(A) Leq in the day, there are
behavioral patterns that could be considered extreme, in that they
have great impact on lifestyles and may be associated with high so-

,— clal costs incurred because of noise. ‘

INTRODUCTION /1

The impact of traffic noise depends both on the sound levels re-
ceived in the home and people's sensitivity to this noise.

The government service approach is to determine the thresholds

not to be exceeded so that the situation of people living along noisy
streets should be bearable. It is therefore necessary to assess the
effects of noise on people. This is generally the role of the human
sciences. The usual procedure is to assess noise effects on health.
‘However, in the past, the sound levels were such that psycho-socio-
logical effects were emphasized. Thus, the first publications by
McKENNELL, LANGDON (references 1 and 2) in Great Britain, by BORSKY
in the United States (reference 3) ,» by LAMURE and BACELON in France
(4) thoroughly exhuasted the various facets of human reaction to noise 4
These reactions may be verbal and learned through opinion surveys. ’
They are also behavioral and their frequency is logged. The psycho-
logical methodology provides a hierarchical analysis (Guttman scale)
and an instrument enabling the various activities affected to be clas-
sified. The results found show that people have a hard time under-
standing speech, the radio or TV, tend to open windows, and have
sleeping disorders. The hierarchical analysis shows that a given

- effect always occurs (in the statistical sense) after exposure to

(r\_another given effect.

*Numbers In the margin indicate pagination in the original text.




This analysis thercfore led to the vescarch of the various
behavioral patterns which are modified due to exposure to noise.

Thoese behaviors will both be observed and verbally reportaed.
Next to the study of behavioral patterns modified by the environ-
ment, the second objective (which will depend on the success of
the first one) will be an attempt to evaluate the assocliated econ-
omic and social costs. '

CHAPTER I - OBJECTIVES AND GENERAL APPROACH
I-1 - OBJECTIVES AND MAIN FEATURES OF THE STUDY /3

For many years, studies on the effects of traffic noise on
people were conducted almost exclusively by opinion surveys.

A certain link was found between noise and discomfort. How-
ever, verbal reactions are subjective and very general and incor-
porate many other environmental aspects.

This is why, at the request of the Urban Transport Research
Center (C.E.T.U.R.), I.R.T launched in 1978 a ‘gstudy for the purpose
ot observing and analyzing the behavior of people subjected to
traffic noise levels of various intensities.

We started with the assumption that these behavioral patterns
may be demonstrated in various areas of daily life in
the home:

-utilization and organization of the home and close outside
areas (balconies - gardens) to minimize noise annoyance; ‘

-state of health, and in particular drug consumption;

-use of time: addressing the :impact of noise on the time spent
on and the type of daily activities outside the home (on the assump-
tion that people are finding escape from a noisy home, for example);

—effective and equipment investments in the home (home mainten-
ance, wall insulation).
L]
The theoretical model associated with tHis study is that when
an annoyance affects one's lifestyle, the individual may react in
various ways to minimiize this annoyance.

Having knowledge of the noise-discomfort link through previous . .
studiles, it now seems perfectly appropriate to study the noise- o
behavior and discomfort-behavior links.

The behavioral differences ghserved may later be:used to estab-
lish socio-economic indicators for exposure to traffic noise.




VS

1-2 - GENERAIL APPROACH /4

This study has made it possible to conduct three surveys
providing us wilth preliminary methodological considerations.

I-2-1 - FIRST SURVEY

It was carried out in 1,500 homes in 15 apartment buildings
or co-ops: in Lyon and Marseille.

The method of collecting information was the questionnaire
(see appendix 2).

To test this questionnaire and the basic assumptions formulated,
a Pilot Survey was conducted on 300 people.

The assessment of people's exposure to noise resulted in a very
important work. For each of the 1,500 dwellings, we established 300
noise levels per room (leqg: 8 am to 8 pm; 8 pm to 12 pm; 12 pm to 5
am) . These were either obtained by on-gite measurements, or via
calculations (BRUIT (NOISE) program - noise guide formula).

Thére are 20,000 noise levels covering virtually every conceiv-
able exposure (between 47 and 77 dB(A) in Leq per day) which were
used in the prccessing of this survey.

I-2-2 - SECOND SURVEY

This was the second aspect of the behavior survey, but differed
by the method used to study collective dwellings, because the beha-
viors were identified: ‘

-through extensive discussions on the subjects presented in the
questionnaire;
—~through direct observations of how garden areas are used.

v This was therefore a more qualitative approach used in 5 resi-
dential areas in Lyon and in Marseille exposed to high holse
levels (leq > 65 db(A). '

~ The information collected was'analyzed in great detail to
establish a typology of the behavior of people exposed to traffic
noise (see chapter III of this report).

I-2-3 - THIRD SURVEY /5

The third survey now being carried out differs considerably
from the first two. It no longer compares behavioral patterns of
people exposed to various noise levels (inter-subject method), but
compares the behavioral patterns of individuals whose exposure to S
noise varies in time (intra-subject method).




This is why it seemed approprlate to launch this study -
exploratory as it might be - in homes of the Bron Parilly complex
along highways A 43 and Ly 1 (Department of Rhone) as they will
be provided with wall insulation in the next few months.

The study pertalns to 100 homes which will be surveyed before
and after the sound-proofing.

The Budget-Time-Space method was retained: the activities in
various rooms of the home, how long they last and annoyances felt
(including noise) are recorded during 5 days of the week.

Due to the time it will take to carry out the insulation work
on this group of buildings, the survey will not be taken up. again
until the autumn of 1981, A supplementary report will be available
at the end of that year.

CHAPTER II - BEHAVIORAL PATTERNS IN COLLECTIVE DWELLINGS /7

This is undoubtedly the 1nvestlgatlon which gave the most
quantitative results in terms of assessing behavioral patterns in
homes exposed to traffic noise.

II-1 - DESCRIPTION OF THE SAMPLE: SITES AND PEOPLE
II~1-1 - GENERAL DESCRIPTION

The table below provides a description of the main features of
the sample. The information collected for each of the 15 surwvey
sites pertain to:

-the type of dwelling: H.L.M. (low-cost apartment complexes), co-ops,
—~the type of roads: Fast Urban Thoroughfare (V.R.U.) - Highway -
Transit - Arterial - Frontage Road;

~the traffic flow: mean flow per day - P.L. percentage;

~the population dlStrlbuthn into 3 noise classes:

.low noise : Leq < dB(A)
.mean noise: 60 < Leq < 68 dB(A)
.high noise: Leq > 68 dB(A).
)
-the domlnatlng Socio-Professional Category of the site; the follow-
ing typology was retained for this:

.Cl: small businessman - craftsman - liberal profe551on -

high and average-level executive - manufacturer;
.C2: employee - qualified worker - specialized worker - .

service personnel;
.C3: miscellaneous ~ inactive individuals (retired - unemployed) .

—-occupant's status: owner (including coming into ownership), renter,
-the average income level of occupants.

. The overall characteristics of the people interviewed are:




~Sex

.Men: 6%

.Women: 94% /10
-Age

] I.R.T. Survey French Population French Population
Years of age 1979 Female Female (mature age)
L mmemmemee e e m e e ———————

.~from 18 yrs 0 28% 0
~18-34 yrs 30.4% 23% 32%
-35-64 yrs 52.2% 33% 45.8%
-+ 65 yrs 15.4% 16% 22.2%

The population sample surveyed was made up almost excusively of
women and was very similar 'insofar as that the age structuUre of the
French population consigsted of women over 18 years of age.

-C.S5.P. of head of family

The table below shows the distribution of the heads of family
ol the households surveyed as a function of their ¢.S.Pp.

1979 IRT French Pop. Entire
__________________ survev . prban+100.000h* France
Active farmer ;;: 0 0,8 6,4 . E
— r ‘
Farm wage~earner /4;
Indgitrialist- 3,6 5,6 6,5
crafts-man .
Liberal Prof. - c 1} 6,5 § 21,1 7,6 1 23,8 6,4 1 21,8
High-level execut. ’
Av. level execut. 11 10,6 ) - 8,9
Employee 13,4; 10,1; 8,4;
. 4748 6
Worker - Service C 2134,64 3 777 32,5 4% 30 38,4
personnel
Miscellaneous L2§ Ll; L9§
Inactive c 3]28,9 3 311 30,7 32,8 31,5 § 33:4

*Reference no. 15.
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Type L . Exposition au bruit de jour___|Caractéristiques socio-&conomiques
N° du d'habitat Don:tee_s trafic Répartition en pourcentage -n- de 1'&chantillon
site (nombre |Type de voie
' d'inter- . Débit J/17 Pourcentage| Faible Moyenne Forte C.S.P. Statut Niveau
-a- views) P.L. Leq < 60|60 < Leq < 68JLeq > 68/ du chef d'occupation] moyen de
b -Cc- -e- —f- -h- - _j_ de famille| du logement rex’renu dut
: -k- -1- ménage
=0 ; -1 }
1 Collectif [Auteroute 6 000 11 L: 98
R H.L.M. et :
228 Rocade . 1500 15 46,9 53,1 c1 P:- 3 700
—q—' —r—- .
2 Collectif [Autoroute 6 000 11 : L: 97
H.L.M. et
70 Transit 1 850 30 52,9 47,1 c3 P: - 3 %00
-V= -S- ;
3 CopropriétéjArtere 3 000 5 7,1 1,1 91,8 c3 L: 38
98 P : 58 4 400
-y "t"‘
4 Copropriété{Artére et 3 000 5 L : 37
131 Distribution+ 950 2 16 53,5 30.5 c2 - P : 59 5 300
_—— -u-
5 Copropriété| Impasse 100 c3 L: 60
53 P : 36 3 500
-V= =u=
6 Copropriété{ Impasse 100 c1 L: 22
49 P: 76 3 800

Key: a-Site No.; b-Type of dwelling (interview number) ;
e-Flow Day/17; f-P.L. petrcentage;
centage; g/l1-Socio-

i-Average 60 < leqg < 68;

lodging occupant; m-

economic characteristics of

c-Road type; d-Traffic data;
g-Daily exposure tO noise, Distribution in per-

population sample; h-Low Leq < 60;

j-High Leq > 68; C.S.P. of head of family; 1-Status of

t-Artery and distribution; u-Dead-end.

.
’

Average income level of household; n -Socio-economic charac-
~teristics of population sample; o-Low cost housing

p-Highway and strategic
road; g-Low-cost housing (apartment complex) ;

r-Highway and transit; s-Artery;

H/



\L X . . ' ! ‘\ .

, — 3
. Type Donndes trafic Exposition au bruit de jour . [Karactéristicues socio-&conomiques ). 4
N® du |- d'habitat 4= 1 Répartition en pourcentage . _ —7a- de 1'&chentillon
site (nombra Type de voie : :
-1- d'intez- Debit J/17 Pourcentage Faible Moyenne Forte ! C.S.P. .Statut Eiveau
views) ) 5 P.L. Leq < 60{60 € Leq < 68|{Leq > 68 du chef d'occupationfmoven de
o7 —_F— - -0 ~10— | de famille| du logement }revenu dy
—2— ; ~3- 6 8 » 9- 10 Lol —fZ— 13-
1 .
-14 -15- i
7 Collectif |[Desserte 100 100 c1 : L : 99
H.L.M.
‘100 . . P: 1 3 600
8 Cop%§§§iété V.R.U. - 3 500 11 24,6 66,1 9,3 c1 ‘= L7 61 & 900
118 _ P': 39
=lo—-. |, -18~ o
9 Coprgprz_.ete Art?l‘.?el 2 500 5310 6,4 6,3 87,3 c3 L : 68 % 100
110 P : 24 '
=16= 1 =15
10 CopropriétéDesserte < 100 100 c2 L : 24 & 800
53 P73
11 Ccllectif V.R.U. 3 500 13 32,8 67,2 c1 L : 98 4 000
H.L.M.
64 . P:
" & T
12 Collectif }V.R.G. 3 50C 15 100 c1 L : 100 3 800
‘1 H.L.M.
54 i P:
13 CoTléctif |Autoroute 2 700 14 22,7 68,7 . 8,6/ c1 L:100 | 4700 |
H.L.M. -17- )
163 P:
14 coTid&Tf |Distripution 250 2 94,2 . 5,8 -~ — - ct- L 98 4 400 -
H.L.M. .
120 ' P
15 Coprif¥ists|Desdette <100 | 160 c1 L : 30 5 100
74 P : 68
TOTAL 36,5 29,6 33,9 c1 L : 74 4 350
(1486) Pz 24

Key: 1-Site no.; 2-Type of dwelling (number of interviews; 3-Type of road; 4-Traffic data:
5—TFaff1c flOW_Day/l7; 6-P.L¥ percentage; 7-Daily exposure to noise, percentage dist;i—
bution; 7a-Socio-economic characteristics of sample; 8- Low leqg < 60; 9-Mean level 60
< leg < 68; 10-High level Leq > 68; 1lI-C.S.P. head of family; 12-Occupancy status (L

>

tenant; P = owner; l3-Average income level; l4-Low cost a
o 2 : ; partment com ; 15-F o
road; l6-Co-ownership; 17-Highway; 18-Arterial. L plex; 15 Prpntage'é

*P = owner; L = tenant.



The population sample therefore has a very similar structure /11
to that o? people living in cities of 100,000 inhabitants or more,
a8 far as the C.S.P. variable is concerned.

-School level of the interviewee

No school Primary Secondary HS Diploma - College

- mn . o S - - - - —n s~ - - - o e e w g - - -

—-Household income

The rate of response may be considered satisfactory, since 86.%
of the individuals interviewed answered the questions.

The table below shows the population sample distribution as a
function of monthly income. ’

+ 1500 F }1500~2000 F|2000~2500 F|2500-3000 F|3000~3500 F|3500-4000 F

2,5 % 4,3 2 7,8 2 9,7 % 12 2 14,9 7

%

4000~5000 F]5000~7000 F)7000-9000 F| + 9000 F

20,5 2 19 7 6,1 7% 3,2 %

-

Compared to national data, this distribution does not seem
very broad, i.e. it is more centered on average incomes. Actually,
84% of the households have an income between 2,500 and 7,000 French
Francs.

-~Occupancy status .

- Nearly 3/4 of the households surveyed are tenants, as we can
see in the table below.




/12
Tenant Owner or coming "
' into ownership Misc.
I.R.T Survey 74% 24% 2%
Urban France’ 50.4% 39.8% 9.8%

(roference no. 16)

II-2-2 - EXPOSURE TO NOISE

Noise levels were assessed using various measuring methods:
data processing program (with measurement adjustments) and calcula-
tion.

We iwere' thus able to assign a.moise level Leq 8 am to 8 pm for
the front wall of each room in each lodging.

The evening (20 h - 24 h) and night (0 h - 5 h) Leg noise
lovels were deduced from the day levels checking the consistency
with partial long term measurements performed on the various sites
(see Appendix 3: Site description, two examples).

(ﬁ\ The histograms below indicate the housing distribution as a
- function of Leq on the walls for each of these periods.

For the day, we retained the most exposed wall Leq; for the
evening and night, we retained the wall Leq of the bedroom. o,

The statistical characteristics of these three distributions are
grouped in the table below.

Y ' _ “
~1- Paramétres Dispersion
f=2-. tatistiques - -
Indice Mode Moyenne |Etendue Ecart-type
acoustique -5- -6~ -7- -8~
' Lég §h-20h 63 dB(A) * 64 dB(A){ 30 dB(A) 8,5 dB(A)
Leq 20 h - 24 h 55 dB(A) 57 dB(A)|32 dB(A) 8 dB(A)
Leq Oh~- 5h 50 dB(A) 31 dB(A)|32 dB(A) 8 dB(A)

Key: 1l- Statistical parameters; 2-Acoustic index;
4- Central trend; 5-Mode; 6-Average; 6-Difference;
7- Spread; 8-Standard deviation.
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II-1-3 - STRUCTURE OF THE SAMPLE » /14

-

Level of noise exposure (Leq 8 h - 20 h)

- 57 |57-89 | 60~62 |63-65 | 66-68 [69-71 | > 71

total

Numbers 1 486 421 ] 122 116 | 171 153 | 120 382
) % % % 2 Z y 3 %
Age
.18 to 34 years 30 33 38 39 36 28 | 26 22
.35 to 49 years . 31 30 33 31 38 38 36 24
.50 to 64 years 23 24 18 18 15 23 24 29
.65 years and above 16 13 11" 12 11 11 14 25

100 100] 10| 100 100] 100]| 100 100

Income level
.average monthly income 4 360 | 4 470 |4 435 |4 400 [4 335 |4 635 |4 360 | 4 100

in French francs
_..deviation from aver- - +2,5|+ 1,7 |+0,9 |-0,6]+ 6,3 0 -6
" age income of sample (%)
Profession head of family } A
.Cl 21 26 14 22 17 22 22 19

.C2 (see definition 48 46 58 56 56 49 43 39
in text)
.C3 | 31 28 26 22 27 29 35 42
Status of occupant

.owner 24 36 9 8 14 27 26 24

‘renter 74 62 89 91 85 72 73 74
2 2 2 1 1 1 1 2

.other

For the age criterion, the Leq > 71 dB(A) includes a higher
percentage of senior citizens.

This phenomenon is found at the professional level of the .
head of family (more retired people in this noise class) and a lower
,.mean income level than the average for the population sample.

N
AN
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II-2 - ANNOYANCE DUE TO NOISE AND CLAMOUR

Although the study undertaken by I.R.T concentrated on
behavioral reactions to noise, it is just as interesting to estab-~
lish a link between the behavioral patterns and the annoyance ex-
pressed and to make a comparison with the results of previous
studies.

A group of questions was also included in the survey pertain-
ing to annoyance felt in the daytime and at night.

II-2-1 - ANNOYANCE IN THE DAYTIME

Individual Anndyance

The graph below shows the variation of daytime annoyance
(on 4 points) as a function of Leq 8 h - 20 h on the most exposed
wall of each dwelling.

}ZA population Very annoyed

75 - . T « Pairly annoyed
* Not very annoyed
b Not at all annoyed

L3

Leq 8 h-20

Graph 1

The "very annoyed" curve inflects sharply toward 60 - 61 dB(A).

The individual correlation between the discomfort felt and

the noise heard pertains to 1,465 people; the results are the follow-

ing:

12
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Noise Index Correlation with
Leg 8 h -~ 20 h individual rating r

-most exposed wall 0.64
-bedroom 0.54
-kitchen 0.39
-living room 0.36

Two remarks should be made here:

—-the best correlation is obtained with the Leq of the most

exposed wall which makes us think that the discomfort felt incor-
porates the overall situation;

-the correlation is highly significant; 40% of the discomfort

variance is explained by the noise variance.

Average Annoyance

ance

)

The graph below shows the relationship between average annoy-
by dB(A) and the Leq 8 h - 20 h noise level.

‘Average annoyance
rating
y = 0,082 x - 2,7

& = 0,93

Leq 8 h ~ 20 h

45 | 50 s5 60 65 :.7b 78

Graph 2

A strong linearity between this variable and noise may be

seen; the correlation is moreover good since r = 0.96 is obtained,

i.e.

93% of the mean annoyance variance is explained by the acoustic

level variance.

13
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Determination of Noise Thresholds

Although the mean annoyance variation is linear with noise,
it hides the existence of noise thresholds from which individual
discomfort accentuates considerably.

This is why the "5" indicator was retained for the fairly and
very annoyed subjects. Its variation to noise is shown in the graph
below:

:’v(

‘ ‘
%population (fairly and very annoyed)

" 50~

25

Leq 8 h - 20 h

T T I L ! ! > /
50 55 60 65. 70 75

[

Graph 3 » , v e

A segmentation of the annoyance data confirms the very distinct
trend revealed on the graph, namely, the existence of three noise
regions.

-First Region: Leqg < 60 dB(A) . . /18

In this region, which groups about 55% of the French urban pop-
ulation*, the indicator varies mogerately with noise; Based on this
indicator, the discomfort caused by noise is still bearable.

—Second Region: 60 < Leq < 65 dB(A)

This region contains about 20% of the urban population; the
indicator varies highly with noise, since from 60 to €5 dB(A), we .
have an increase from 20% to 60% of people who are fairly or very
annoyed.

The annoyance in this region may be considered very strong.

*French cities of more than 20,000 inhabitants (reference 17).

14
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~Thlird Region: Leq * 65 dui(A)

This region contains 25% of the French urban population; the
indicator, which was already at a high level, continues to vary
considerably with noise to reach a very critical level at 75 dB(A)
where nearly 90% of the population is fairly or very annoyed.

It seems that in that protective actions are imperative in
this region.

II-2-2 - NIGHT ANNOYANCE

Indiwvidual Annoyance

The graph below shows the variation of annoyance as a function
of Leq 0 h - 5 h on the front wall of a bedroom.

' % population very. annoved
P fairly annoyed-c-ea--
75 not very anroyed+—+—
e not annoved at all A
50~
25 -

GrapM No. 4

‘ The "very annoyed" and "not annoyed at all" curve inflects
at about 52 to 55 dBA). -

The individual correlation between the annoyance felt and
the noise received on the bedroom wall is 0.48 (R2 = 0.23). Although
not as high as the daytime correlation, it is still very high. This
correlation is still slightly higher than that obtained with the Leqg
of the most exposed wall in the davtime and the bedroom Leq in the

evening.

15
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Mean Annoyance

The graph below shows the variation of annoyance as a function
of Leqg 0 h - 5 h.

/20
J
4 4 mean annoyance rdting
A
3y =0067%x-1,35
R? = 0,91
2 ~
1 e s o e s e e et s et e st o o s s e
Leq Oh ~5h
T T ] | i T [ -
35 40 45 50 55 60 65
Graph 5
Like daytime annoyance, we see a strong linearity in the mean
annoyance confirmed by thewalue of the correlation factor (r = 0.95).
Determination of the Noise Thresholds
The graph below shows the relationship between night annoyance
(percentage for fairly and very annoyed subjects) and Legq 0 h - 5 h.
% population (tairly and very annoved) -
. "‘:: 4
75 A
50 - ]
; -
25 - :
Leq Oh - 5 h ; -
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Corrélation

actual sirvey

ANNOYANCE

GENE

indiv. rating

mean ratinc

acoustic.ﬁndea

I.R.T. 1980 (1 500)

0,64 (de jour) 0,96 (de jour) * leq 8 h -.26h

0,48 (de nuit) ** 0,95 (de nuit) ** leq 0 h~- 5h
Bradley - Jonah 1979 0,46 Leq jour * L.
(300) Référence 22 0,48 Leqg nuit *%

Brown 1978
(818) Référence 21

0,06 (de jour) *
0,06 (de nuit) %%

0,31 (de jour) *
0,34 (de nuit) x

Leq 6 h - 18 h
leq 18 h -~ 6 h

Myncke - Cops 1977
(775) Référence 19.

0,42 (de jour) *

0,86 (de jour) *

0,52 (de nuit) **
meilleur des cas

best case

Leq 7 h~-19+h
Leq 23 h - 7 h

Yeowart et al 1977

(1 200) Référence 2

0,74 Leq 24 h
(846) Ré&férence 20
I.R.T. 1974 0,31 Leg 8 h - 20 &
(1 000) R&férence 7 0,21 (de muit) ** LeqOh - 5h
C.S.T.B. 1971 0,32 L50 7 h30-
(700) Référence 18 22 h 30
J. Langdon 1968 0,29 T.N. I

0,88

-

Key: *daytime; **nighttime




In contrast to daytime annoyance, no sudden variation in
the indicator is seen.

However, for 50 and 55 dB(A) (figure given by segmentation)
there seems to be a more pronounced accentuation of the discomfort
felt, which would confirm the daytime thresholds of 60 and 65 dB(A)
(difference between daytime bedroom Leq and nighttime bedroom Leg
is 9.5 dB(A), i.e very close to 10 d B(A)).

II-2-3 - COMPARISON OF DAYTIME ANNOYANCE - NIGHTTIME ANNOYANCE

The discomfort felt at night does not seem to be as gréat as
for the day for the simple reason that the noise levels during this
period are generally lower (on the average 10 dB(A) at least).

- This observation hides fine lines which may distinguished be-
tween the various cases.

If we compare the mean annoyance curves between the two’ pexr-
iods, we may . noté = that:

-less annoyance is felt at night than in the day when Leq day -
Leq night >'6 dB(A); the most frequent case;

-more annoyance is felt at night than in the day when the Leqg
day - Leq night < 6 dB(A); more infrequent case, although it does
exist.

IT-2~4 - COMPARISON OF RESULTS WITH PREVIOUS STUDIES

The table below shows the results obtained in the studies
conducted since 1970 on noise annoyance caused by road traffic.

Comparisons are sometimes difficult to make because of the /22
diversity in the acoustic indices retained and particularly the
periods being considered. ’

However, we may estimate that the results obtained in this
Survey on annoyance are at a considerably higher level than those
obtained in the past.

[}

Until present, most studies detected a correlation between
the individual .annoyance rating and noise from 0.3 to 0.4
(more recently close to 0.5 in BRADLEY's study) and from 0.75 to 0.85
for the mean annoyance ratings and noise.

The same is true for nighttime where the link between noise ang
annoyance was established only very rarely (AUBREE) and remained
modest in VALLET's survey (L 1 Index) and in LANDGON'sg study (L 10
index) .

How can these differences be exvlained?

18
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-the more accurate measurement and the assignment of noise
levels are probably the greatest reasons for thse more solid links;
-people possibly have become more aware of the noise problem.

II-2-5 - ANNOYANCE MODULATION FACTORS

If a good correlation was established between noise and annoy-
ance, on the whole, a certain number of individual factors modulate
it more or less (see next table).

Age

On the whole, there is no significant age difference. However,
it seems that in the mean noise levels, people 35 years or older
express greater discomfort.

cC.S.p : /24

If there is no impact due to C.S.P., the active/nonactive
criterion may be pertinent in some cases (which confirms VALLET's

results - reference 7).

Occupant's Status

— No meaningful difference between renter and owner was found.

‘ However, the type of dwelling and more specifically the contrast
low-cost apartments and co-ownership seems to considerably modulate
the annoyance expressed.

Type of Traffic

The graph no. 7 shows that daytime annoyance is greater in
heavy traffic conditions (arterial, for example) for the same noise
level.

Climatic Difference

A variance analysis shows that there is a difference in the
annoyance level expressed between sites in different cdlimates.

This difference will, moreover, be connected with the fact
that more people open windows (and hear more noise) in Marseille
than in Lyon. :

These results simply indicate a general trend in later, moué
detailed studies, and are not within the framework of this study.
They will more clearly show the actual influence of each of these

- factors. It is nonetheless true that the noise variable is more
~~  tied to annoyance at higher noise levels

{

19
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% population (fairly and very annoyed) /26
80 ‘
60 -
404
204
0 Leq 8 h - 20h

not annoyed -

somewhat annoyed
fairly annoyed - ‘ e
very annoyed

! Mean annoyance rating

Graph no. 7

II-2-6 - CLAMOUR /27

In conjunction with the' notion of annoyance, it seemed of inter-
est to assess the impact of traffic noise in terms of the clamour

felt.

The graph below shows the relationship between the daytime
noise level and the perencetage of rooms declared to be fairly and

very noisy.

% "fairly and very noisy" rooms

1004
75-

504

- 25

Leq 8 h - 20 h,

50 55 60 65 o 75

Graph no. 7a
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A sagmentation of the data indicates that the two thresholds /28
in which clamour tends to accentuate are: :

~First threshold: 58 dB(A)
-Second threshold: 64 4B(A).

These results are therefore fairly close to ' those obtained
for daytime annoyance.

One may also check whether this indicator may be expressed as
follows, within the noise interval 50 - 70 dB (A) 3

.

e f2 B4

' In other words, one can confirm whether the clamour felt
doubles when the noise level increases by 10 dB(A).

The table below shows the observed and theoretical values.

Noise Level Obseved I Values Theoretical I Values
50 23 23
55 32 32.5
60 42 46
65 64 65
70 88 92

There is no significant statistical difference between these
two distributions (CHI 2 = 0.54 -~ ddl = 4).

II-3 - NOISE AND BEHAVIOR PATTERNS /29
II-3-1 - USAGE OF RESIDENTIAL SPACE

Usage of Dwelling

The assumption formulated is that noise may "discourage"
individuals from practicing certain noise-sensitive activities, i.e. "
force them to practice them in rooms not "socially" designated for
these activities,

o - Existence of the Activity

The results obtained do not show any noise impact on the

22
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existence of certain activities such as watching TV, listening to the
radio or music and intellectual work in the home (children's home-
work - family paperwork, etc.).

B - Location of Activities in the Home

If one does not question the existence of activities practiced
in the home, one may wonder if they are not practiced by preference
in less exposed areas.

In other words, one tries to find out whether activities are
transferred to less noisy rooms.

The method consists of comparing the acoustic distribution of
the rooms where the activity under study is practiced, with the
acoustic distribution of rooms in which this activity "normally"
should be excercised.

In the first place, a "normal" room should be defined. This
is accomplished as follows:

Lodgings are classed into three groups:

.those for which the Leg 8 h = 20 h is < 60 dB (A)
.those for which Leq is between 60 and 68 dB (A)
-those for which Leq is > 68 dB(a).

This method of proceding seemed appropriate to us because it /30
is highly unlikely that transfers occur in quiet dwellings. We '
therefore made the assumption that the "normal" distribution of
rooms in which the activity is exercised was determined on the
least exposed dwelling group (Leg ¢ 60 dB(A)).

—we compared the acoustic distribution of the rooms in which
the activity is exercised with the distribution considered to be
normal;

—-if activities are transferred between rooms, we should have
the type of result shown below on the next page.

The graph below shows per noise class the difference between /31
the percentage of rooms in which the activity is practiced and the
percentage of rooms where this activity should have been practiced
(this is therefore a histogram difference).

It shows that based on a certain noise threshold, there is an
underexposure of the rooms used compared to normal rooms; this dif-
ference increases with noise. .

This transfer assumption was tested on noise-sensitive activi-
ties, namely: ’




+ 10 2+

+ 5274

Leq

-listening to TV,

~-reading;

-intellectual work in the home (writing letters, administrative
paperwork, etc.);

-sleep.

Now, let's examine the results.

In regard to watching TV, graph 8 shows for quiet homes
that there is a correlation between the TV room and the living
room of the apartment. Actually, the sound distributions are
very close and probably do not differ statistically (X* = 0.32,
ddl = 2).°

For the most exposed dwellings (60 < Leq < 68 dB(A)}, the

resulsts are identical (X4 = 1.8, ddl = 5) (graph 8a).

' Finally, for the most exposed dwellings (Leq > 68 dB(A) sig-
nficiant differences are not always found (X = 1.76, ddl = 7)
(graph 8 ter).

We may thus conclude that TV is most often listened to in
the living room no matter what the fagade noise level is.

In regard to sléeping, one comes to the same conclusions,
namely, that people slleep in their bedroom. However bedrooms re-
served for inlaws and friends are more exposed than the other bed-
rooms (parents and children). This phenomenon occurs as of 66 - 68

i 24
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=~In regard to readiny, in quiet homes people mostly read in
the living room (graph 9) (X2 = 1.2, ddl = 2). For, the most exposed
dwellings, the phenomenon is the same (graph 10) (X“ = 1.27, ddl = 8).
As of 66 - 68 dB(A) there is no longer a coincidence between the
room in which people read and the living room. This activity is
therefore transferred to one (or several) less exposed rooms (in some
cases the kitchen is plotted in a dotted line.

Finally, the same procedure was followed for intellectual work
at home (graphs 12 - 13 - 14). The conclusions are the same as for
reading: as of 66 ~ 68 dB(A) there is a statistica difference between
this activity and the living room (X2 = 47 - ddl = 8). Once again,
for this type of activity also, there is a transfer to the least ex-
posed rooms.

From this analysis, we may draw the following conclusions:

-the transfer of activities to the least exposed rooms takes
pPlace only in certain conditions.

-these conditions are associated with:

.the distribution of the various rooms of the dwelling as a
function of noise: whether or not a double exposure exists;

.the size of the dwelling and of the household: people sleep
in less exposed bedrooms only if one is availalbe (when a child
leaves the family, for example);

.the nature of the activity: if reading and intellectual work
in the home are easily "transferable", as we have shown. In con-
trast, it is more limiting for family members when a TV is moved to
another room;

-the noise level of the room where the activity is normally  ",/36
takes iplace: existence of a transfer when Leq > 66 - 68 dB(A).

Y = Closing Windows

The need to close windows to do certain activities is shown
~in the resulsts as one of the beHaviors which is the most sensitive
to noise,

We measured it for the following activities: TV listening =
reading - sleeping - kitchen (see graphs 15 to 18).

Although the noise - window closing relationship is linear, .
one may investigate the noise thresholds at which this behavior
tends to sharply increase.

The table below shows the two segmentation thresholds of the
sample for this behavior in several of the activies discussed.
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INTELLECTUAL WORK

“
+ 5 %
0 [+)]
4 . W n
- 3t [} I
n ~ ~
T Y} s
o ="
L
1 -Leq max < 60 dB(A)
-5 24
\
+5 Z.} .
- 0 h ~N 74 o
Y Y Y- © . 9
T < ] ' ' i '
. 49 ~ ~ 8 3] O
' n \n 0 0
o l B>
L

Leq max : 60 - 68 dB(A)

» Leq 8 h - 20 h

Leq 8 h - 20 h

/35

¢ Graph no. 12

*Graph no. 13

Graph no. 14

-5 24
| .
O
Py &
w 0
L]
+5 74 © ° "o
" | Q < ~
" O ~ ~
! [ A
. 0 | i 1
< r===
. N O N NI ] ]
O O ~ H t
.o e ] :
0 — - :
o H o = s o
1
- bnad
L Leq max > 68 dB(A)
c1
- Y

28

= Leq 8 h - 20 h



/37

\ .
% closed windows
100 ~
-y m'3,35 x ~ 152,5
g .
754 R2 0,92 .
501 .
P 25-
Leq 8 h~20h
0 1 T T T T T L )
50 55 60 65 70 75 '
Graph no, 15 - TV Listening
{7
.
,’/\‘
29




1007

39

50

o g

EY -

2.‘3,:2.5- LT

% closed windows

Y = 2,5 x - 122,3

»__Rz - 0,’92

Ml LILETEC

L@

30

..... Leq 8 h - 20 h
et < 2 < :._. . - e ‘. . ) 6 T
65 70 75




T

/38
|
% closed windows
100 -
- 2,33 x - 79,2
75 - yz S .
R* =0,95
.v‘.
50
25 1
leqOh-5h
0 T T ™ Y T Y eand
40 45 50 55 - 60 65,
Graph no. 17: Sleep
% closed windows

100

75 1

50

1)
25 - v . ‘ ¢ .
| ;_f;,,,,,,—f”’i//’:;qst:-20h
0 - Y & = " - T Y T T

50 55 60 65 70 15 80

Graph no. 18: Activities in the kitchen

31




Activity Sound Index lst Thresh- 2nd Thresh-

old ol
TV listening Leq 8 h - 20 h 56 62
Reading leq 8 h - 20 h 56 71
Sleeping . Leq 8 h - 20 h 57 67
ELerh—Sh 46 57
Kitchen Leg 8 h - 20 h 64 71

For sensitive activities, there is a close agreement on the
first threshold (56 - 57 dAB(A); this behavior is therefore marginal
below this level and is associated with other parameters than noise.

The second threshold is rather variable and probably depends
on the sensitivity between noise and the activity. TV listening is
the most sensitive in terms of this behavior whereas reading is the
least. These results may be compared with those obtained for activi-
ty transfers for which the conclusions were the opposite. Window 7 °
closing is more sensitive for TV listening insofar that this activity
cannot be transferred to other rooms. In contrast, reading is less
sensitive in high noise levels because people have the alternative of
going to less exposed rooms to read.

One of the main factors which may modulate this behavior is the /39
~difference in the climate of Marseille and Lyon. )

Graphs 19 to 21 show the clear difference in regard to window
closing between Marseille and Lyon. This difference tends to atten-
uate, then disappear at about 72 - 73 dB(A). Above this noise level,
it seems that the climatic difference between thése two cities is
not great enough and that window closing becomes an absolute necessity
in any climate.

. Use of Balconies

1)
The impact of noise on the use of balconies was assessed,
based on the existence of several activitics which are more or less
sensitive to noise.

Graph 22 shows the only activities for which noise seems (but
only marginally) to have an impact.

Actually, even at very low noise levels (Leqg < 50 dB(A) most
activities are not practiced in high percentages (for example: only
23% of the people talk on their balcony as quiet as it might be).

Therefore, probably only parameters like the amount of sun-

shine and the size of the balcony play a crucial role in the use
of this space, with noise being only a secondary factor. :
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II-3-2 - EFFECTS OF NOISE ON SLEEP AND HEALTH

Distdrbing Sleep

Thefimpact"of noise on sleep was the subject of'many investi-

“gations, particularly in the physiological area (references 23 to

25) .
R ';Ouf study is more focussed on a search for- indicators.
Graphs 23 to 25 show the relationships between noise: and the

indicators associated with going to sleep, on the one hand, and
sleeping at night, on the other hand. » : :

o - Time required to go to sleep

Although:the correiation between the time required to go to

_/54

sleep and noise is very small, it was possible to find a significant
relationship beween the percentage of people who go to sleep quickly -

(t<20 mn) and the noise along the front wall of the bedroom.

B - Difficulty in going to‘sleep_

Thé'resﬁlts are fairly similar,-although there is a slightly

‘higher individual correlation for people under 50 years of age ;
~thereuis a signficant correlation between noise and the percentage
- of people who often or very often have difficulty in going to sleep.

 6;7‘Waking up at night

 Graph 24 shows the variation of the percentage of people who

»4Wake‘upjat'night'often»or very often.

 _Although'the individual,correlation is low, and higher for

people under 50 years of age, this link is significant.

P érTired upon awakening

~ Graph 25 shows that bétWeen,the*loWest noise- levels (37 - 40

dB (A) and the highest noise levels (65 - 67 dB(A), the percentage
- bf people who are tired when they wake up has virtually doubled.

These results show on the whole that if noise is not the main

factor for explaining this, it has a considerable impact on sleep.

- ;fThe»table‘be1OW depidts}this set of sta;iétiéal;e;ements,

%
e-4 -
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*Go]to sleep in less than 20 mn; **Have a hard time
going to s1eep;>take sleeping pills.

‘Graph no. 23
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Graph no. 24: often wake up at night
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Graph no. 25: tired in the morning
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Correlation

. Significativity Nighttime (day-
Indicataor with noise Threshold time) noise
: threshold
1st Th. - 2nd Th.
Time it takes to go - - _ _
to sleep '
Percentage of people :
who go to sleep in 0.65 1% 44 53
less than 20 mn (55) (65)
Difficulty in going
. to sleep - _
+50 years old 0.04 Insignificant
=50 years old 0.17 1%
Percentage of people )
- who often and very
often have difficulty 0.73 Ak (gg)" (gg)
in going to sleep
L Percentage of people ~ '
who take sleeping - 0.76 <12 (gg) (gg)
pills at bedtime -
 Awaken at night .
+ 50 years old 0.09 Insignificant
~. 50 years old <1%

- Percentage of people : B o
who often and very 0.86 <1l% 45 ‘55
“often awaken at night (55) (63)
It is striking to note that the thresholds for the variation

of sleeping disturbances are the same for any indicator retained.
If we investigate the factor explaining sleep disturbances, /57

We .see in graph 26 (result of -the analysis of main component) that:

.  -the disturbances which affe
~sleep are highly associated with t
‘ticular for those 50 years old or

~for ‘those 50 years or under,

-waking up in the middle of the

sociated with noise.

ct the time it takes to go to
he age of the individual, in par-
more or noise is.not a factor;

. the disturbances are less signi-
ficant, as we have seen in the explanation for noise;

night is alfactor closely as-




Impacts of Noise On Health

Graph 27 shiows the meaningful relationships between noise
‘in the home and a few typical "health problems".

_ With these results we see an increase in the impact of noise
in the vicinity of 64 dB(a) (leg pains -~ digestive problems) and 61
dB (A) for headaches. . ,

S - Thé_impact of noise on one's nervous conditioh may be deter-
- mined from the capabilitv of relaxing at. home. Graph 28 shows a
slight variation due to noise, which becomes sharper at about 58
dB(A) . -

" An analysis'of*drug consumption allows one’to think it is -
~connected with noise on the average (see graph 29) . e

Actually the two most significant links pertain to the consump-
tion of sleeping pills and heart medicine. The other two consump-
tions are less associated with‘noise'(tranquilizers and medication
for the stomach). :

',‘Noise‘tends to increase these behavioral patternsbonly at high
levels for the consumption of heart medicine (Leg > 70 4AB(A)) and
in the vicinity of 60 - 62 dB(A) for the consumption of sleeping
pills. . T : : ’

- Now, if we apply our reasoning to cumulated consumption (see
 graph 30), we have a better idea of what the impact of noise may be
- on health. ’ ' : o ‘

. A segmentation of the data pertaining to drug 6onsumption
v(seg next .table) shows quite well the link with sleeping problems.

~ Subjects having a hard time going to sleep (which depend on

; iﬁdiVidual and»reactional factors) tend to consume more drugs (33%

"-against‘lo%)vespecially if they are older (on. the average 57% of

,.thOSe_over»GS years of age). Noise-only reinforces this behavior
(69% when Leq.> 62 dB(A)). - L | -
I-;fSubjects who fall ésleep quickly take“less drugs, especially /61
Af they're young (<5%). L R L

= " When ‘the subjeéts awaken at night, this disturbance reinforces
~ drug consumption. ' ST

_ v Other more secondary variables seem to play a role also: -
‘active people, undoubtedly_living at the fast pace of modern life,"

-+ seem to take moré drugs.

II-3-3 - BQUIPMENT - INVESTMENTS IN THE HOME

'.Anothér area where we could,make'an assumption on the impact
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Graphlno. 26

: Kéy::*Years; ** years or more; l-Takes sleeping pills to go to

sleep; 2-Time it takes to go to sleen; 3-Difficulty in go-

'ing to sleep; 4-Quiet traffic;

6~Not annoyed at night; 7-Not very annoyed at

5-Not annoyed in the daytime;

day;
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9-Fairly annoyed at night; l0-Awakens at night; ll-Continuous

“traffic; 1l2-Pulsed traffic;

13-Fairly annoyed at night;

14-+ as of 68 dB(A); 15-Very annoyed at night; 1l6-Very

annoyed in the daytime.
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Graph no. 27
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:{Graph no. 28
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